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Guiding-Area RRT Path Planning Algorithm Based on A* for Intelligent Vehicle
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Abstract: This paper proposes a RRT path planning algorithm based on the guiding-area which is generated with the A*
algorithm. This algorithm can benefit the domain from the following aspects: the applications of RRT algorithm to the
field of path planning for the intelligent vehicle can be improved significantly. The performance of the traditional RRT
algorithm can be enhanced by solving some inherent issues, such as low searching efficiency, irrational nearest neighbour
searching functions etc. The novel algorithm combines A* and RRT effectively. Based on lovs./jresolution grid map, A*
algorithm is applied to construct the guiding area, which is used to imprové the sampling efficiency. To enhance the
reasonableness of the selection of searching tree node, the vehicle’s éonstraints are considered in the design of the nearest
neighbour searching function. Finally, the superiority, Validity and practicability of the proposed algorithm is verified in
simulations and experiments with the real vehicle

Key words: RRT; sampling strategy; A*; intelligent vehicle
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Xrand = nonUni formRandom()
Xnearest = T.1imitNearest(Xygnq)
Xnew = Steer(Xnearests Xrand)

if(!COZliSion(xnearest’ Xnew))
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9. T.addEdge(xnearest’ Xnew)

10.  end if
11. end while

12. path = T.getPathFromT ree()
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14. return post path

3.3 A*5|5iH

10 AR IR B AR 2 B 58§ MRS ol siab AR
N x, W51 iﬁE’Ji)ﬂZ’AﬁﬁD@)ﬂ@)FﬁT
Xi = {«| IIJf xill <r) (2)
Xguide = UXi (3)
i=1

r AN AR AR RN 5 IR AR N 1 3
Sl R, S E ROy A*SEERLRIE AR LA
A% Lo a5, 21 0 [ P PAY ) DX A R 5 3

K3 5l

3.4 RAEERREG

BEAS RRT S50 HE AN o f by 2% () AT MERAE,
XREEIRIGIN T 1 R B AT EAR RO T REVE, (H 2 R AE
DI T BT BUR 2 A0 Z R L, %% T 55
eSO L.

£ 3.3 15 SR LA _E, ARSCHR W 1 H AR R

130 B ApF4A - 5% Software Technique- Algorithm

AN 5] 3350 i 17 SR AE A 45 6 1) SR A SR, RELRAIE T 2R
FERIBENLYE, XM T BRSO . V400 IR AR
nonUni formRandom() FT 7.

M4 nonUni formRandom()
L. p = rand(0,1)

2if(p< Pgoal_bias)
Xrand = Xgoal
4. else

5. p=rand(0,1)

6. if(p < Pchoost)

7 Xrana'= uniRandom(Xyize)
8. else

9 Xrana = uniRandom(X frec)
10.  end if

. end if

12. return x,qnq

B‘L?Bﬁgr‘f‘

AT AR A 2R K Dy e & AR PR B B AL R A Y A
I YT A, DR B R R AAEAT I A I R A e K
Iri) 71 FE PR, P DUAS SCHE 4R T 7 2R B8 X g BT 1)
TR, N A BE TR, S AR DA I A x (AT AR
Xpar TE T T 25 x (01 18] B X, ¥ 5 AN 24 AT 5 050 x 45 0
Krand 00 9 Ry Z DGR 5 FRL N T 0 S 0 £
RN Z]?ﬂlhm itNearest(Xyang) T 7IS.

h!

BRI B l'im itNearest(Xrang)

. min Dis = O Xnearest = Xstart

2. foreveryxinT

. —_ s
3. if Ang((xpar’ x), (X, Xrand)) < Qmin

4 if dis(x,Xrang) < minD
5. min D = dis(X, Xyanq)
6 Xnearest = X

7 endif

8. endif

9-end for

10. return x,oq05

4 LIS
ALy BREAT T LR AN S AR . 7 B

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20174F 55264 55 81

http://www.c-s-a.org.cn

i H AR SN A

WO @A, i@ x) th 3 A RRT Hi%. RRT-
connect 5751 GA-RRT S iL LRIV RE, 31E GA-
RRT SRR 2. FIH T NZET &8 e
B, il 4 s, o0 Al FE ARG M AL 1 2R 3 B B
S5 R Al 1) 25 T8 PR B BLBEAT SR DK, RAE T GA-
RRT SHE 52 L.

HDL
A7 ®—— CAMERA
a b

41 {HEXE g

7 B SRR P18 AT 16 win7 #:1E &% b, PC HLIG
RbFE 28 Core i5, W74 4 GB. [ 5 B4 ELFR K/
9 500500, ZE4 LN AR F o, 15 (0 AR 26 5 28
WIS 1, G TR AR 2R R 20 0, T e ¢
U 2 5 B F R P 200 B RSPV RIS OB 42, Gt
ERIRY R R A, R0 B B R TR R
. EE S, (a)FI(b) 4 BIF5 R A RRT S804
b P B A P I J 45 5 (o) (d) 4 3 R Pl RRT-
connect FyE K H AR A2 T8 BT S 45 3 (e)FI(DFR
TR GA-RRT B3 Hk1] L 10 B 421 0 U (10 4 2, 7

AT I, REEHEAT T 50x50 RIS 1. AR

Bl S (7 LSRR, 43 il F = Fh B4 1 20 ok,
S R S, N Kl

ME s F5E 1 oA PUE H, GA-RRT B R LR
BN 60 B2, L R B B 12 S S AR, 2
LA 2RO v LRI 1 B 43 P 0. R, GA-
RRT SRR H B2 1 P KL T34 A RRT H
151 RRT-connect BiE MR &5 B, 145 A2 K 1Y
AT B
4.2 LENR

< BESC R I ATAT B R AR R RN 0.16 m,
B K A 10 30°, SR A =40 518 Velodyne J& Al
Ja BB A, I LA 120 ms S SE I A4 3 512%512 |
At P, A P o MRS £ 5 FE 2 0.2 m,

6 A AL AL 5 2237 3R 55 K O S 06 45 S
() A EI 5, (b) ()MI(d)H A T X o AT AT
X35k, Ba €0 XN BRAG IX 38, 40 2R R LRI R,
W 10 R TEAE AN S (0 T ALE 23 0 R AR A ) L e A B A H
FROrE, SRR f R R R B A, IR LR B R
YRR TR, (b) AEEA RRT BRI B8 12 200
ZIR B BEILE R4S R, ()8 RRT-connect 515
Mgt =k B FEFMAERER; (d)N GA-
RRT BLIE AR 45 R, b i Al s M 1l ) 5 3 26 Oy
64x64. > "

K5 3 MR FE e 4 R
K1 IESERHIEX

TR CFEEBERE BRI FRTR

200K L5 . .
(ms) (m) (m") /€
Basic-RRT  203.57 189.42 0.83 363
RRT-
75.21 169.42 0.82 127
connect
GA-RRT 72.17 141.32 0.15 110

TEAF BRI T, X =M EEHEAT T 20 XS
TS, HOCEIR LSRR 6 .

Software Technique- Algorithm X F4A - 51k 131

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

20174F 5526 % 55 8 1

ME 6 g 2 0] LLE tH GA-RRT HIE AL
A fIC T 54 RRT HE, fem 1T &Rk, B
I [E] 1% = F RRT-connect 5H.72%, 1B 22038 T 4 %
T K FE AN A LR AR I B R 28 BT GA-RRT Bk
(R ) 3 /N T b B SR B B 120 ms HLEE AR I B K
il /N T8 BB 45 AT AT B R AR I B K R 0.16 m, (R
T B BE R A ) SE S SRR 7 2K

75 - 75

K6 (FHLELRLE

K2 (FESLRBIER
o TEINT PEIBEKE SRR TERRK
20R L5 q "
(ms) (m) (m?) e
Basic-RRT  270.00 53.43 0.85 317
RRT-
10.57 35.59 0.81 5 13
connect X
GA-RRT 30.57 29.43 011 - 32
" [
|

97 A R R S R, S o)
EHRE. (b)s (OF(DERIIELESE 6 F b)),
(c)FI(d)FHE]. ZE4E ] GA-RRT S0 I i, 34555 3 &
HHAT 64x64 FIMHMEALALEE. K 7 0 7 AT 50, 76 =
FREEH, GA-RRT SyEHLKIE W@ T 54 RRT &
i, RE T RMCE, BRI A8 = T RRT-
connect ik, (HE L MRB AN KERE. BENR
R HH 2R AR F /. BR 9 L RIK ) 3/ 0n T b T 5 5 ) A, i
12 1 S5 K SRR T R B8 25 5 TT AT B B AR 1) B oK il R
Ft LABE A5 2 5 BE 2250 1) SE R s kI 75 2K

132 B A4 AR -1k Software Technique- Algorithm

=

R " -

o N At
Oretg—"r

B

(©) (d)
Bl 7 IS
* 3 EEIE SR
oaons PRIRTE] SPIJERARRRE BARROKHIA SPIREER
207K 5L 1 »
(ms) (m) (m”) #
Basic-RRT  150.00 44.89 0.89 294
RRT-
421 38.29 0.83 10
connect
GA-RRT 9.37 29.16 0.10 21
5 45iE

%?%ﬁm&ﬁ&ﬁ?ﬁf%ﬁﬁ%ﬁﬂﬂ&
wima%%mm%ﬁ%mﬁyéﬁ A LA 2 e
X AL wm%Am@%%ﬁawnxi%m
TIET A% Bk RRT 5035, 16511 FL b (1 15 A%3)
SRR 1 R 45 5 (0 SRR S, LUSRTH SRR R BLAR,
TE B AR 1 22 R B B T o, B0 T A IS B 2 4
T RS, I =R B R o A B B AR AT T b
H, DL 40 A BRI B RS ZE AT 3 1
SO AL 2 S BAE T %S TE BRI () B AR K
i 26 = A 5 T 0 PE R, F S T 6 7E 9 e 724
B AR 5

Sk
1 Chu K, Lee M, Sunwoo M. Local path planning for oft-road
autonomous driving with avoidance of static obstacles. IEEE
Trans. on Intelligent Transportation Systems, 2012, 13(4):
1599-1616. [doi: 10.1109/T1TS.2012.2198214]
2 KR, Wi T, B, 55, B ahbl s Nz sh kot fu4x
i, E AR, 2006, 8(1): 85-94.

© ERSEBIK T

http://www.c-s-a.org.cn


http://dx.doi.org/10.1109/TITS.2012.2198214
http://dx.doi.org/10.1109/TITS.2012.2198214
http://www.c-s-a.org.cn

20174F 55264 55 8 1

http://www.c-s-a.org.cn

i H AR SN A

w

a~

N

Raja P, Pugazhenthi S. Optimal path planning of mobile
robots: A review. International Journal of Physical Sciences,
2012, 7(9): 1314-1320.

Mr/bsik. B TR sl as N B AR 00 A B BR E f0 B 9 [ 19
SRR ST AU BT K2, 2008.

Masehian E, Sedighizadeh D. Classic and heuristic
approaches in robot motion planning-a chronological review.
World Academy of Science, Engineering and Technology,
International Journal of Mechanical, Aerospace, Industrial,
Mechatronic and Manufacturing Engineering, 2007, 1(5):
228-233.

LaValle SM, Kuffner JJ. Randomized kinodynamic planning.
The International Journal of Robotics Research, 2001, 20(5):
378-400. [doi: 10.1177/02783640122067453]

LaValle SM. From dynamic programming to RRTs:
Algorithmic design of feasible trajectories. Bicchi A,
Prattichizzo D, Christensen HI. Control Preblems in
Robotics. Berlin Heidelberg, German}‘l: Springer, 2003.
19-37. $e

Elbanhawi M, Sifnic“ M. Sampling-based robot motion
planning: A review. IEEE Access, 2014, 2: 56-77. [doi:
10.1109/ACCESS.2014.2302442]

Karaman S, Frazzoli E. Sampling-based algorithms for
optimal motion planning. The International Journal of
Robotics Research, 2011, 30(7): 846—894. [doi: 10.1177/
0278364911406761]

10

12

16

Ma L, Xue JR, Kawabata K, ef al. A fast RRT algorithm for
motion planning of autonomous road vehicles. 2014 IEEE
17th International Conference on Intelligent Transportation
Systems. Qingdao, China. 2014. 1033—-1038.

LaValle SM, Kuffner JJ Jr. Rapidly-exploring random trees:
Progress and prospects. 4th International Workshop on
Algorithmic Foundations of Robotics. Wellesley, USA.
2000. 293-308.

Kuffner JJ, LaValle SM. RRT-connect: An efficient
approach to single-query path planning, IEEE International
Conference on Robotics and Autox%atic')n. San Francisco,
USA. 2000. 995-1001. -

Hart PE, Ni],ssz)n NlJgRaphael B. A formal basis for the
heuristic determination of minimum cost paths. IEEE Trans.
on'Systems Science and Cybernetics, 1968, 4(2): 100-107.
[doi: 10.1109/TSSC.1968.300136]

Fpe, YRR, AR, S5, — b T R T IR QR R Bt
ATHEE. HLAE N, 2014, 36(5): 627-633.

K, MgV, MR, 55, AR N T RRT IR AR 4
I EIRIFE. HLERA, 2015, 37(4): 443-450.

TR, Wik, FLIRAE, 5. AR BART KIHLE N sh Rk
FE MRS, 2011, 33(6): 666-672.

Berglund T, Brodnik A, Jonsson H, et al. Planning smooth
and obstacle-avoiding B-spline paths for autonomous mining
vehicles. IEEE Trans. on Automation Science and Engine-
ering, 2010, 7(1): 167-172. [doi: 10.1109/TASE.2009.2015886]

A
% Y

Software Technique-Algorithm #AFH A - 535 133

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1177/02783640122067453
http://dx.doi.org/10.1109/ACCESS.2014.2302442
http://dx.doi.org/10.1177/0278364911406761
http://dx.doi.org/10.1177/0278364911406761
http://dx.doi.org/10.1109/TSSC.1968.300136
http://dx.doi.org/10.1109/TASE.2009.2015886
http://dx.doi.org/10.1177/02783640122067453
http://dx.doi.org/10.1109/ACCESS.2014.2302442
http://dx.doi.org/10.1177/0278364911406761
http://dx.doi.org/10.1177/0278364911406761
http://dx.doi.org/10.1109/TSSC.1968.300136
http://dx.doi.org/10.1109/TASE.2009.2015886
http://dx.doi.org/10.1177/02783640122067453
http://dx.doi.org/10.1109/ACCESS.2014.2302442
http://dx.doi.org/10.1177/0278364911406761
http://dx.doi.org/10.1177/0278364911406761
http://dx.doi.org/10.1177/02783640122067453
http://dx.doi.org/10.1109/ACCESS.2014.2302442
http://dx.doi.org/10.1177/0278364911406761
http://dx.doi.org/10.1177/0278364911406761
http://dx.doi.org/10.1109/TSSC.1968.300136
http://dx.doi.org/10.1109/TASE.2009.2015886
http://dx.doi.org/10.1109/TSSC.1968.300136
http://dx.doi.org/10.1109/TASE.2009.2015886
http://www.c-s-a.org.cn

